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This invention relates to a process for chlorinating 
ethylene polymers, to chlorinated polymers thus obtained, and 
to articles formed wholly or partly of such chlorinated 
polymers . 

The term ethylene polymers as hereinafter used 
includes homopolymers of ethylene, and copolymers of ethylene 
with at least 50 mol. % ethylene units. 
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The halogenation of polyolefins, and especially 
-he chlorination of polyethylene, has been known for a 
onsiderable period of time, especially for low-density 
■olyethylenes. Note, for instance, U.S. patent 2,183,556, 
ndicating that this process was known in 1939. 

Chlorinated polyethylene has been commercially 
vailable since the early '40s. However, the initial 
•roduct was expensive and involved difficult methods of 
reparation, with the resulting polymers exhibiting phy- 
ical properties which were not as high as desired. 

Shortly after the low-pressure polyethylene 
.rocesses were developed, there was a revival of interest 
n chlorinated polyethylene, especially the chlorinated 
tolyethylene prepared from so-called high-density poly- 
tthylene. Since then, development has continued in the 
field of chlorination methods for polye thy lene , 
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both of the high density and low density types. The 
methods previously utilized can be catagorized as of 
three types,, the chlorination of polyethylene in solution, 
in suspension or in bulk. 

The chlorination of polyethylene by the solution 
method is disclosed in, for instance, U. S. patents 
2,398,803, 2,748,105, 2,920,064 and 3,o6o,l64. U. S. 
patent 2,592,763 discloses the chlorination of polyethylene 
in an aqueous suspension. The chlorination of polyethylene 
in a fluidized bed is disclosed in U. S. patent 2,8g0,213, 
and the chlorination of free-flowing polyethylene is 
disclosed in Eritish patent 834,905- These two latter 
processes involve the absence of a liquid dispersing 
agent or solvent. 

The chlorinated polyethylenes which are obtained 
by the various • prior art chlorination methods differ 
in properties, even if the same starting polyethylene 
is utilized, and even if the chlorination is effected to 
the same polymer chlorine content. This difference in 
properties appears to depend upon whether or not statistical 
distribution of the chlorine occurs in the chlorinated 
polyethylene, as explained in French patent 1,316,044 and 
British patent 843,209. 

Each of the three prior art chlorination mentioned 
above, that is, suspension chlorination, solution chlorination 
and bulk chlorination, involves a number of disadvantages. 
For instance, solution chlorination is expensive. The 
solubility of polyethylene in the organic solvents which 
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are inert to chlorine is quite low, so that relatively 
large quantities of solvent are required. As a rule, 
expensive halogenated hydrocarbons are used as the 
chlorination solvent. The chlorinated polyethylene 
must be freed from the solvent, and freeing the polymer 
from the last traces of solvent is difficult. The separation 
is generally cumbersome and expensive. An advantage of 
the solution chlorination process, however, is that the 
chlorination reaction proceeds statistically. 

At temperatures below the crystalline melting 
point of the polymer, the chlorination of polyethylene 
in suspension or in bulk proceeds on a non-sta+.istical 
basis. A type of block polymer, having chlorinated 
and unchlorinated segments in the molecule, is obtained 
unless chlorination is continued until high chlorine 
contents are achieved. Block copolymers of this type 
are hard and brittle, whereas in general it is desired 
to obtain soft and flexible chloropolyethylene, generally 
having a crystallinity of less than 2* - that is, the 
chloropolyethylene should be amorphous or substantially 
amorphous. In some applications, however, chloropolyethylenes 
having a higher crystallinity, such as a crystallinity 
of less than 10*, preferably between 5 and 10*, are desired. 
A two-stage process for obtaining a more statistical 
chlorination is described in French patent l,2l6,044. 



- 5 - 



4 9 0,3 8 4 



DOCID: <AU 4&0384B2.I > 



7 2,95 6 ™ 

In the process of that patent, the second stage is 
conducted at a rather high temperature, above the 
crystalline melting point of the polyethylene (the 
crystalline melting point, as used herein, is the 
temperature at which the crystallinlty disappears. 
This temperature differs from the softening temperature, and 
is generally lower by 15 - 25°C. For instance, the 
crystalline melting point of high-density polyethylenes 
is generally between 110 and 120 6 C, whereas the softening 
temperature is generally between 130 and l40°C. In 
the case of low density polyethylenes, these values 
are generally within the range of 90 - 100°C and 110 - 
115°C, respectively). A disadvantage of suspension 
chlorine tion at elevated temperatures is that at these 
high temperatures, even when the reaction is conducted 
under pressure, the chlorine dissolves in the dispersing 
agent (which is generally water) only to a very small 
degree. As a result, the chlorlnation proceeds quite 
slowly and very long chlorination times are required. 

In British patent 843,209, the difference 
between chlorinated polyolefins having a statistical 
and a non-statistical chlorine distribution are discussed. 
An intermediate type of chlorine distribution is sometimes 
obtained on the so-called hybridical polymers. These 
polymers, in contrast to the process of French patent 
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1,316,0*4*4, are prepared, as taught by British patent 
8U3,209, by a chlorination process which is partially 
effected in suspension and partially effected in solution. 
This two-stage process, however, is very cumbersome, 
as the polyethylene chlorinated in suspension must be 
separated from the suspension and subsequently dissolved, 
before the second stage can be conducted. 

Bulk chlorination, for instance, by the process 
described in the above-mentioned U. S. patent 2,890,213 
and British patent 83*4,905* can be conducted at rather 
high temperatures, at which the chlorination proceeds 
rapidly. However, a disadvantage of this chlorination 
process resides in the fact that during the initial 
phase of chlorination the reaction proceeds too fast, 
even if the initial phase is conducted at relatively 
low temperatures, Halogenation reactions in general 
and chlorination reactions specifically are exothermic 
reactions. In the chlorination of finely divided 
polyethylene, without a solvent or dispersing agent, 
heat is locally developed, causing the reaction speed 
to increase in the hot spots so developed, with increased 
heat development, and generally it is impossible for the 
heat to be discharged at a sufficient rate. This causes 
melting, and consequentially lump formation of the 
chlorinated polymer, as well as decomposition or 
even combustion to occur. If combustion occurs, generally 
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a highly undesirable discoloration will result . Because 
of the fact that melting occurs locally, lump:; may be 
formed whose subsequent chlorination proceeds in an 
extremely poor and irregular manner. 

With bulk chlorination it is almost impossible 
to avoid polymer discoloration, unless the chlorination'. 
is conducted at such low temperatures that the reaction 
speed is quite slow, even in the presence of an initiator . 
in addition, at temperatures below the crystalline melting 
point of the polymer, no statistical chlor opolyethy lene 
will be obtained. Often the discoloration of the polymer 
is so serious that the resulting chlorinated polyethylene 
is of a brown color - 

In order to improve the properties of the resul- 
ting chloropolyethylene, to increase the degree of chlori- 
nation, and for other purposes, a number of two-stage 
processes have been proposed, as mentioned in the above- 
cited French patent 1,316,044 and British patent 843,209. 
in addition, U.S. patents 2,398,803 and 2,920,064, German 
Auslegeschrift 1,420,451, British patents 1,073,504 and 
1,036,360 describe the chlorination of polyolefins in two 
stages . 

None of the prior art processes for chlorinating 
polyethylene to chloropolyethylene have been quite satis- 
factory. In particular, these prior art processes 
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for the preparation of chloropolyethylene having a 
statistical chlorine distribution, or the preparation 
of hybridical chloropolyethylene, leave much to be 
desired . 
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The invention is directed to a chlorination process 
for ethylene polymers whereby at least the initial degrees of 
chlorination aro carried out in the presence of water in 
controlled amounts , In a particular embodiment the chlorin- 
ation is carried out at least in part at a temperature above 
the crystalline melting point of the ethylene polymer whereby 
a statistical or hybridical chlorinated polymer may be 
obtained. 

The invention provides a process for chlorinating 
an ethylene homopolymer or an ethylene copolymer containing 
at least 50 mole % of ethylene units, comprising chlorinating 
the ethylene polymer in powdered form, optionally in the 
presence of an initiator or radiation initiating the chlorin- 
ation reaction, wherein the chlorination at least up to 15% 
is effected in the presence of from 10% to 100% of water, 
based on the weight of the ethylene polymer. 

As the crystalline melting point may be above the 
normal boiling point of water, to ensure that the water 
remains in the liquid phase during such high temperature 
chlorination, the chlorination is of necessity carried out 
at such a pressure that the boiling point of the water is at 
least equal to the chlorination temperature. 

As the chlorination proceeds above 15% by weight 
chlorination, the need for control of the initial stages of 
chlorination diminishes. If desired, however, the chlorin- 
ation in the presence of water according to the invention 
may be continued up to a degree of chlorination of 20% by 
weight of the ethylene polymer. 

A preferred embodiment of the invention provides a 
statistical or hybridical chloroethylene polymer in that at 
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least part of the chlorination is effected at a temperature 
above the crystalline melting point of the starting polymer. 
Such a step may (although not of necessity) be effected 
during chlorination above the 15% to 20% chlorination level, 
possibly with reduced or no water being present. 

The extent to which the chlorination according to 
the invention is carried out above the crystalline point in 
this preferred embodiment of the invention depends on the 
crystallinity of the particular ethylene polymer used, and 
the degree of final chlorination required, and may readily 
be determined by experiment as hereinafter more particularly 
set forth. 

By the process of the invention the disadvantages 
of chlorination at high temperatures in suspension are 
obviated in that the chlorine need not dissolve in the dis- 
persing agent, but can chlorinate the ethylene polymer 
directly. 

The disadvantages of bullc chlorination of ethylene 
polymer viz. the fusion and combustion of the polymer result- 
ing from hot spots, do not occur in this process of the 
invention because the temperature cannot rise locally above 
the boiling point of the water present at the pressure at 
which the chlorination is carried out. The pressure used 
should not be so high that the boiling point of water lies 
above the decomposition temperature and it is undesirable, 
at least during the first phase of the chlorination to 15 - 
20% by weight of chlorine, for the boiling point of the water 
to lie above the softening point of the polyethylene, which 
means that with high density polyethylene it should be below 
130°C. and for low density polyethylene below 110°C . V7ith 
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low density polyethylene it may be desirable to operate at a 
slightly reduced pressure so that the boiling point of water 
will lie between 90° and 100° C. 



The excess chlorine in the hydrogen chloride 
formed during the chlorination may be passed through 
a condenser along with any water evaporated by the heat 
of reaction, and the condensed water can be returned 
to the chlorination zone. Following this procedure, 
the moisture content of the polyethylene during the 
chlorination reaction will not, or will hardly decrease. 
Of course, drying will then be necessary after the 
chlorination reaction is finished. Alternatively , the 
gradually evaporating water can be discharged from the 
reaction system, together with the excess chlorine and 
the hydrogen chloride formed during the chlorination. 
Once chlorination has been conducted to a certain 
extent, subsequent chlorination proceeds more smoothly, 
and the partially chlorinated polyethylene can be further 
chlorinated, even in the dry condition, without the 
hampering of local superheating occurring. At least 
15# by weight of chlorine, and preferably at least 
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20^ by weight of chlorine, based on the weight of the 
polymer should have been introduced into the polymer 
prior to the time the amount of water in the polymer 
is allowed to drop below 10$ by weight, based on the 
starting ethylene polymer. 

The process of the present invention proceeds 
appreciably faster, generally 3 - 5 or more times faster, 
than the suspension chlorination of polyethylene. The 
process of the present invention is substantially cheaper 
than solution chlorination of polyethylene, and, in 
distinct contrast to bulk chlorination, yields a white, 
uncolored product. 

There is no real minimum on the amount of chlorine 
which can be incorporated into the ethylene polymer. The 
process of the present invention can be used to produce 
chloropolyethylenes having chlorine contents of 10$6 by 
weight of chlorine, or even less, to 50^ by weight of 
chlorine or even more. The chlorine content of the 
chloropolyethylene which is considered most desirable 
generally is about 30 - kQ% by weight. 

The chlorination may be conducted in the presence 
of radical-forming agents. For instance, the chlorination 
may be conducted in the presence of light, having a 
wavelength such that radical formation is promoted. In 
general, such light will have a wavelength of about 3000 
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to about 5000 8. In addition to or in place of light, 
radical-forming initiators may be used. At chlorination 
temperatures below 100°C, it may be desirable to initiate 
the radical formation. At chlorination temperatures below 
80°C, the chlorination rate is so low that radical initiate 
may be considered absolutely necessary. 

Suitable radical-forming initiators include the 
per compounds, such as organic peroxides such as dihydro- 
carbyl peroxydes, hydrocarbyl peroxides of 2 to 20 carbon 
atoms per hydrocarbyl group, dihydrocarbyl peroxy carbonate 
of 2 - 20 carbon atoms per hydrocarbyl group. The hydrocar- 
byl groups in' the dihydrocarbyl percompounds may be the sam 
or different. Suitable examples of these compounds include 
benzoyl peroxide, diisopropyl benzene hydroperoxide, cumene 
hydroperoxide, lauroyl peroxide and diisopropy lper oxy dicar 
bonate. Also, azo compounds may be used, such as dihydrocar 
bylazodinitriles with 1-12 carbon atoms per hydrocarbyl grc 
preferably an alkyl or cycloalkyl "group and wherein a cyanc 
group is present at a carbon atom of a carbon chain with 
1-10 carbon atoms which is in the -position in relation 
to the azo group, such as dimethyl and diethyl-*, oc'-azodi- 
isobutyronitrile and ot , oc' -azobis (oc, y -dimethyl valeroniti 
Also initiators like acetylcyclohexylsulf onylper oxyde and 
related compounds may be used. 

Generally any conventional radical-forming initio 
known to the art may be used in the process of the present 
invention. For instance, any of the radical-forming initial 
disclosed in the prior art patent cited hereinabove, the 
disclosures of which are hereby incorporated by reference, 
may be used if desired. 

4 9 0. 
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The process of the present invention is appli- 
cable for the chlorination of both low density polyethylene 
and high density polyethylene. 

In order for the chlorination to proceed at a 
rapid rate, it is highly desirable that the reactive surface 
area of .the polyethylene be as large as possible. For this 
reason, generally a finely divided polyethylene, and preferably 
a porous polyethylene will be used. Low density polyethylene 
obtained by the process described in U.S. patent 3,719,648 can 
be chlorinated according to the present invention in a parti- 
cularly advantageous manner. Low density or high density poly- 
ethylene prepared by conventional processes may be given an 
increased reactive surface area, if necessary, by grinding 
or other particle size reduction treatments, and can in this 
way be rendered more suitable for the chlorination according 
to the present invention. 

The particle size of the polyethylene will generally 

be no greater than 1 mm, and preferably is under 500/^. 

The water should be as uniformly dispersed in 

the polyethylene as possible. Homogeneous distribution can 

be promoted by the addition of minor amounts of 
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anionic, cationic or nonionic surface active agents. 
Any of the conventional surface action or wetting agents 
m ay be used such as polyvinylalcohol, polyethylene glycol, 
polypropylene glycol, methylcellulose, etc. Less than 
136 by weight of the wetting agent, based on the weight 
of the water, will suffice, and it is preferred that the 
amount of wetting agent be from 0.005 - about about 0.1* 
by weight. If chlorinotion is conducted in a rotary drum, 
for instance, the uniform distribution of the water over 
the polyethylene will prevent the undesirable effects 
of dry prior art chlorination processes described herein- 
above. 

If desired, or necessary, small amounts of 
electrolytes, such as inorganic acids and their alkali 
metal salts, including, for instance, HC1, NaCl, NaW^ 
LiCl etc., may be dissolved in the water to produce . . 
a more finely divided chlorinated chloropolyethylene . 
If electrolytes are used, they will normally be in an 
■ amount of from 1 - 50$ by weight, based on the amount of 
water added to the polyethylene, The addition of the 
electrolyte also results in the boiling point of the 
water being raised. At a decreasing water content, 
a gradual rise of the boiling point will occur, which 
in some cases promotes a rapid chlorination. 
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Chlorinated polyethylenes having a chlorine 



content of 25 - 50# by weight, and a crystallinity of 

less than 2$, are of special importance,, and are 

particularly preferred materials to be produced by the 

process of the present invention. Chloropolyethylenes 

of this nature have already found valuable application 

in various fields. They are compatible with most 

synthetic polymeric materials, and can be advantageously 

mixed with, for instance, PVC, polyethylene, AES, EPDM rubbers, 

polystyrene, SAN and the like, to improve the impact 

resistance, the flexibility, the processability, to impart 

or to increase flame-resisting" properties of various plastics, 

to improve oil resistance, etc. 

To prepare chloropolyethylenes having a chlorine 
content of 25 - 5°# by weight, and a crystallinity of less 
than 2#, by the process of the present invention, chlorination 
should be conducted such that the chlorine atoms are 
statistically distributed on the ethylene polymer, or that 
the so-called hybridical chloropolyethylenes are obtained, 
as explained above. To produce these chlorinated polymers, 
the chlorination must be wholly or largely conducted at 
a chlorination temperature above the crystalline melting 
point of the ethylene polymer, i.e. above 110 - 120°C 
in the case of high density polyethylene, and above 90 - 100°C 
in the case of low density polyethylene. 
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For some applications, it is desired to produce 
a chloropolyethylene having a crystallinlty of 5 - 10#, 
and in this instance the process of the present invention 
should be conducted such that a larger proportion of the 
polyethylene will be chlorinated below the crystalline 
melting point of the ethylene polymer. One having average 
skill in the art can easily determine by simple experiments 
that percentage of chlorine which is to be introduced below 
the crystalline melting temperature, and that percentage 
of chlorine which is to be introduced above the crystalline 
melting temperature, to achieve a certain desired crystallin 
within the range of 5 - 10# by weight. 

Particularly in the case of chlorination above 
the crystalline melting point of the ethylene polymer, it 
iB of great importance that local superheating does not 
occur, and the present invention offers a method of 
preventing such local superheating. 

Once 15 - 20# or more by weight of chlorine 
has been introduced into the ethylene polymer, the 
subsequent chlorination proceeds in a substantially better, 
controlled way, and the heat of reaction can be more 
uniformly discharged, so that in bulk chlorination the 
occurrence of local superheating can be opposed, or 
that such superheating Just does not occur. This is 
also true if the chlorination is conducted at an elevated 
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temperature above the crystalline melting point of the 
polyethylene. Up to a chlorine content of 15 - 20% by 
weight of chlorine, the chlorination process proceeds 
so critically that during this phase it is absolutely 
necessary, and critical, that from 10 - 100^ by weight 
of water, based on the weight of the polymer, must be 
present. 

By chlorinating the ethylene polymer in the 
presence of from 10 - 10C$ by weight of water, based on 
the weight of the polymer, the chlorination may be 
conducted rapidly while passing through the phase during 
which local heating, as well as consequential fusion 
and decomposition with decoloration, would be virtually 
unavoidable for the prior art bulk chlorination processes. 

The required minimum amount of water within 
a given chlorination phase can be easily established 
experimentally. This minimum quantity of water also 
depends upon the chlorination temperature and pressure, 
and the mode of realization. In any event, the water 
should not have fully evaporated before that chlorination 
phase is reached during which the chlorination proceeds 
more uniformly, without formation of hot spots.. If 
evaporated water from the chlorination reaction is 
condensed and returned to the chlorination zone, smaller 
starting amounts of water in the ethylene polymer will, 
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of course, suffice than will be the case if all of the 
evaporated water is discharged. It is also possible to 
first condense and return the evaporated water, and 
thereafter, after a certain degree of chlorination has 
been achieved, to discharge all of the water vapor in 
order to obtain a dry product at the end of the chlorinatic 
process. This embodiment, as well as others, will be 
quite clear to those skilled in the art. The- most favorabl 
chlorination conditions can easily be determined by 
experimental methods. There is no objection to a chiorinat 
process wherein the water is not fully evaporated during 
the chlorination. M>.nor amounts of water are not disturbir 
during subsequent chlorination phases, and the small 
amounts of water still present in the chlorination polyeth^ 
can be easily expelled therefrom. It is preferred and 
more advantageous, however, to so choose the chlorination 
conditions such that water is no longer present at the 
end of the chlorination process. In this instance, it will 
be sufficient to free the chloropolyethylene from chlorine 
and h5'drogen chloride by blowing an inert gas therethrough. 

Surprisingly, in the chlorination of ethylene 
polymers in the presence of water, the chlorination- speed 
depends upon the quantity of water present. The degree 
of suspension may be defined as the value of the formula: 

part s_ by weight of polyoth ylono . 

parts "b>-""wci ght of disporsing anont (= wr\tor) + p.b.w. of polyothylono 
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At a degree of suspension of at most 50, the chlorination 
speed is practically independent of the decree of suspension. 
If the degree of suspension rises above 50, n more or 
less sudden increase to much higher chlorination speeds 
occurs. Above a degree of suspension of 6b, the incre~.se 
becomes smaller, and from a degree of suspension of about 
70, the chlorination speed increases practically linearly, 
at a slow rate, as the degree of suspension increases. 
In general, a degree of suspension of 6 5 - 95* results in 
a chlorination speed which differs only little from that 
occurring in conventional bulk chlorination, other conditions 
remaining the same. It will be clear to those in the 
art that the absolute chlorination speed also depends upon 
the chlorination temperature, irradiation conditions, the 
initiators, the partical size and porosity of the polyethylene 
polymer and the like. Once these parameters have been fixed, 
however, the great influence of the degree of suspension 
upon the chlorination speed becomes apparent, as is set 
forth in greater detail for certain reaction conditions 
in Example 2 hereinbelow. It is most surprising and 
unanticipated that within the degree of suspension range 
of from 50 - 65 a sudden, abrupt change occurs in the 

chlorination speed. 

At a degree of suspension of 9-1 (which means 
that the amount of water by weight is 10 times that of the 
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polyethylene) a suspension is obtained which can be 
easily stirred. At a degree of suspension of 16.7 
(i.e. the weight of water : weight of polyethylene 
is 5:1), the suspension exhibits only moderate ease 
of handling. At equal quantities of water and polyethylene 
(i.e. a degree of suspension of 50), a wet system, somewhat 
like wet sand, is obtained which is no longer a suspension. 
In the chlorination of wet systems of this type, proper 
stirring must be provided. The chlorination may take 
place in rotary drums, for instance, but also in stationary 
reactors, provided that the wet polyethylene is vigorously 
stirred during the chlorination. A ribbon stirrer, for 
instance, is suitable for stirring during the reaction. 
The chlorination may be effected in a batchwise, continuous 
or semi-continuous method, and in addition a multi-stage 
process may be used if- desired. The chlorination may be 
advantageously conducted in two reactors, for instance, 
in two rotary drums connected in series, wherein the 
chlorination is conducted below the crystalline melting 
point of polyethylene in the first reactor and above this 
point in the second reactor. 

The usual additives may be incorporated into 
the chloropolyethylenes produced by the process of the 
present invention. As mentioned above, these chlorinated 
polyethylenes may be mixed with various types of plastic 
materials in order to improve the properties thereof. 
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EXAMPLES OF THE INVENTION 



Example I (Comparative example) 

For comparative purposes , polyethylene was 
chlorinated in suspension, with return of the evaporated 
and subsequently condensed water to the reactor, so 
that the degree of suspension was practically constant 
during the duration of the chlorination process. 

25 g of finely divided linear polyethylene and 
250 g of water were added to a glass reaction vessel having 
the volume of 1 liter and equipped with a stirrer, a 
thermometer and a reflux cooler with a gas outlet at the 
top thereof, and an Inlet tube for chlorine gas. The 
polyethylene had been prepared by the conventional 
Ziegler low-pressure process, and had a melt index of 
0.3 measured according to ASTM-D 1238, a specific gravity 
of O.958, a DSC* crystallinity of 68£, and a particle 
size of < 500 /1 . Air was expelled from this system 
by passing nitrogen through the suspension for half an hour. 

Then the suspension was heated to a temperature 
of 95 - 100°C, with vigorous stirring, with return of 
evaporated water to the suspension through the reflux cooler. 
0.125 g of the radical initiator listed in Table 1 
hereinbelow (0.5^ by weight, based on the polyethylene) 
was added and then 25 liters of chlorine gas per hour were 
passed through the stirred suspension for two hours, with the 



■^Differential Scanning Calorimeter 
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chlorination temperature being maintained at 95 - 100°C. 
Atmospheric pressure was utilized nnd under these 
conditions no statistical chlorination was obtained. 
This example is presented,, however., only to demonstrate 
the low chlorination speed which occurs with suspension 
chlorination. The off -gases from the system were led 
through a cold trap and through a cool solution of NaOH 
in water, in order to bind hydrochloric acid and unconverte 
chlorine. At the end of the chlorination, nitrogen was 
passed through the suspension to expel chlorine gas and 
hydrochloric acid therefrom. 

The cooled suspension was then filtered, 
and the polymer particles were successively washed with 
deionized water, with a dilute solution of Na^Cl^ and 
water, and again with deionized water. The polymer 
particles were then dried at 50°C and 10 mm Hg until a 
constant weight was reached, whereupon the chlorine content 
was determined by elementary analysis, with the results 
set forth in Table 1 below. 

Table 1 

radical initiators applied % by woighl of CI in reaction product 

a, a ' -azo-di-lsobutyroni tri 1 5.6 
lauroyl poroxide 3.1 
diciunyl poroxid© 1.9 
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The results obtained hereinabove indicate that 
chlorinatlon in suspension at 95 - 100°C at atomospheric 
pressure proceeds very slowly. 
Example II 

Using the procedure of Example 1, a number of 
experiments were conducted in which the same linear 
polyethylene was chlorinated in the presence of 0.125 g 
of a, a' azo-di-isobutyronitrile (MEN) as the radical 
initiator, and in which the degree of suspension was 
varied. The degree of suspension has been defined 
hereinabove, and is calculated by the formula: 

pnrts uy woir'it of PE x 100 



pn 



rts by weiG'it of dispcrsin asont (= wator) + p.b.w. of PK 



For comparative use, two experiments were 
conducted with the degree of suspension being appreciably 
less than 50, and one experiment was conducted with the 
degree of suspension being Just below this value, and it 
will be appreciated that these experiments, test runs 
No. 1 - 3 in Table 2 hereinbelow, are outside of the scope 
of the present invention. In addition, test run No. 5 
in Table 2 relates to a bulk chlorinatlon which is also 
outside of the scope of the present invention. The 
chlorinate ons were conducted below the crystalline melting 
temperature of the polyethylene for the sake of simplicity, 
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so no statistical ch lor inat ion was obtained. The results of 
these experiments are set forth in Table 2 below. 
Table 2 



test degree of description of % b.w. of description o 

no. suspension the reaction Cl in end- the end-produ. 

system product 

(after 2 h 
of chlori- 
nation 



1 


9.1 


well-stirrable suspension 


5. 


7 


white, finely 
divided polym- 


2 


16.7 


moderate suspension 


A . 


7 


white, finely 
divided polynv 


3 


45 


wet system, no longer a 
suspension 


4 . 


9 


white, finely 
divided polym 


4 


66.7 


moist bulk system 


28. 


0 


white, finely- 
divided polym 


5 


100 


dry bulk system 


33. 


5 


finely divide 
polymer with 
a few lumps s 
wing internal 
carbonization 
ranging in co 
lour from bro 
to black 



Example III 

25 g of linear polyethylene (having a melt index of 0.3, 



a density of 0.958, a DSC crystallinity of 68%, and a particle size 
of < 500 , a given amount of water, as set forth in Table 3, and 
0.125 g ofa,OL. f azodi-isobutyronitrile (AIBN) dissolved in a small 
amount of methanol were added to a rotary glass drum equipped with 
a chlorine gas inlet, an off-gas outlet, and a thermocouple with 
an automatic temperature recorder. The drum was rotated at about 
60 rpm with nitrogen being passed through the drum contents to 
remove air. The drum was then rotated at the same speed through an 
oil bath 
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maintained at 100°C while chlorine gas was passed at 
a rate of 26 liters per hour through the drum contents. 
In a short while, a constant temperature of about 95°C 
was reached in the drum. The evaporating water was 
discharged together with the off gases. After a 
reaction time of 2 hours, the chlorine feed was stopped, 
and excees chlorine gas and HC1 were removed from the 
reactor by blowing with nitrogen. The white polymer 
particles were flushed out of the reactor with deionized 
water and washed , subsequently rewashed with a dilute 
aqueous caustic solution, and then washed again with 
deionized water. The polymer particles were dried 
at 50°C and 10 mm Hg until a constant weight was reached. 
The chlorine content and the crys tallinity were determined, 
with the results set forth in Table 3. 



Table 3 



tost 
no. 


dogroo of 
suspension 


final condition 
of the reactor 
sys tern 


% b.w. of CI 
in ond- 
product 


% cryst n 1 1 ini ty in 
ond-produc t 


6 


9.1 


wot to moist 
sys torn 


13.5 


35.4 


7 


25 


dry sys torn 


26.1 


24.9 


8 


50 


dry sys torn 


31.9 


17.7 


9 


G6.7 


dry system 


33.1 


18.4 


:10 


80 


dry system 


38.4 


14. G 
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The results obtained hereinabove indicate that 
the chlorination reaction proceeds substantially more 
rapidly at a degree of suspension of 50 or higher. V/hen 
a degree of suspension of 25 is used for the starting 
materials, a degree of suspension of 50 or higher will 
be reached after the chlorination reaction has proceeded 
for some time, with evaporation of water, and at this 
time the chlorination speed will increase markedly. 
As a result of this occurring, the chlorination of 26. 4# 
was reached at the conclusion of test run No. 7 of Table 3. 
Example TV 

Example II was repeated, except the chlorinations 
were conducted with an oil bath temperature of 125° C, 
with the polymerization results set forth in Table h below. 

Table 4 

tost dogroo of final condition % b.w. of Cl description of the on 



no . 


suspension 

ct 
to 


of tho reactor 
systom , 


• in end- 
product 




11 


50 


dry system 


41.6 


whito poly.nor parti cl 


12 


66.7 


dry systora 


42.0 


white polymor par ticl ■ 


13 


80 


dry system 


44.4 


contains a snail nur.ib- 
yollow particles 


M 


100 


dry system 


43.8 


contains brown 1 to bla« 
part iclos 



In test 13 of Table 4, at the chlorination temperatures 
nsed the water evaporated so rapidly that the polymer becam 
:Jry before a chlorination • of 15 - 20* had occurred, as a 
result of which some polymer discoloration was noted. 
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Example V_ 

The procedure of Example II was repeated for a series 
of linear polyethylene chlorinations, with a degree of sus- 
pension of 66.7% used for all runs. However, the chlorina- 
tions were conducted for different periods of time, and at 
oil bath temperatures of 100°C and 130°C (chlorination tem- 
peratures of 95°C and 125°C, respectively) , with the results 
indicated in Table 5 below. 
Table 5 



test 
no. 



chlorination time at a % b.w. of CI in 
reaction temperature in end-product 
the reactor of 



% of crystallinity 





95 


°C 


12 5 °C 








0 min. 


0 min . 


0 


68 


15 


15 


min . 




17.9 


27 


16 


30 


min . 




22.0 


21 


17 


45 


min . 




26. 7 


19 


18 


60 


min . 




31. 5 


14 


19 


15 


min . 


15 min. 


30.4 


13 


20 


15 


min . 


30 min. 


37.4 


-cl 


21 


15 


min . 


45 min. 


41.9 


^ 1 


22 


15 


min . 


60 min. 


43.3 


*1 


23 


45 


min . 


15 min. 


35. 9 


<1 


24 


45 


min . 


30 min. 


39. 8 


*1 


25 


45 


. min . 


4 5 min. 


40. 5 


-1 


26 


45 


min . 


60 min. 


42. 5 


<1 


27 


60 


min . 


60 min. 


43.7 


^1 


28 


90 


min . 


30 min. 


40.5 


<1 



0 

3 



0 
6 



starting pro- 
duct 
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Example VI 

A series of poly^thy 1 i-h I ov i na t ions were conducted 

in a manner analogous to that of P.xamplo V, Tn this case, however, 
different polye thylenes were used as the starting polymer, with 
0.125 g of a ,aC' -azo-di-isobutroni trile, 

7.5 g of NaCI, and 12.5 g of deionized water (degree of suspension 
of 66.7) added to 25 g of the ethylene polymer. In all cases, 
the ethylene polymer particle size was ^500^.. The chlorination 
results are summarized in Table 6 below. 
Table 6 

test data of the starting polyethylene chlorination % b.w. c: 

time at of CI 1 

kind of poly- density melt Vicat in end- % 

ethylene index softening 95 °C 125 °C product 

point 

°c 



30 


low-density 


0. 


917 


22 


88 


60 


min . 




31. 


0 


31 


low-density 


0. 


918 


1.7 


88 


15 


min . 


45 


min .43. 


7 


32 


low-density 


0. 


920 


0.3 


90 


60 


min . 




9 39. 


5 


33 


low-density 


0. 


923 


4.4 


95 


60 


min . 




36. 


0 


34 


high-density 


0. 


953 


19 


124 


15 


min. 


45 


min .44. 


3 



30 



4 90.. 
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The claims defining the invention are as follows: 
±^ A process for chlorinating an ethylene homopolymer 

or an ethylene copolymer containing at least 50 mole % of 
ethylene units, comprising chlorinating the ethylene polymer 
in powdered form, optionally in the presence of an initiator 
or radiation initiating the chlorination reaction, wherein 
the. chlorination at least up to 15% is effected in the pre- 
sence of from 10% to 100% of water, based on the weight of 
the ethylene polymer. 

2. A process according to Claim 1, wherein the said 
chlorination in the presence of water is continued to a 
degree of chlorination at least up to 20% by weight. 

3. a process according to Claim 1 or Claim 2, wherein 
a wetting agent is incorporated in the ethylene polymer/water 
system. 

4^ a process according to Claim 3, wherein not more 

than 1% by weight of the said wetting agent, based on the 
water is used. 

5m a process according to Claim 4, v/herein from 0.005% 

to 0.1% by weight of the said wetting agent, based on the 
water, is used. 

6^ A process according to any of Claims 1 to 5, 

wherein one or more electrolytes are incorporated in the 
ethylene polymer/water system. 

lm a process according to Claim 6, wherein not more 

than 50% by weight of the said electrolyte, based on the 
water, is used. 

8. A process according to any of Claims 6 to 7, 

wherein at least 1% by weight of electrolyte is used. 
9 # a process of chlorinating an ethylene polymer 
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according to Claim 1, substantially as hereinbefore 
described, with particular reference to the Examples. 

10. A chlorinated ethylene polymer obtained by a 
process according to any of Claims 1 to 9. 

11. A chlorinated polyethylene obtained by a process 
according to any of Claims 1 to 9. 

12. Articles wholly or partly consisting of chlorinate 
ethylene polymers according to Claims 10 or 11. 
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